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(54) CnOCOB TEnJIOBOrO KOHTPOJ1* MHOrOKOMnOHEHTHblX UJHyPOOBPA3HblX H3flEJlHfi 



(57) PecpepaT: 

M3o6peTeHne othochtca k TexHonornn 

KOHTpOJlfl LUHyp006pa3HblX M3fleJlM^, B 

nacTHocTM TaKMx, KaK AeroHHpyK>mne n 
omenpoBOflHbie iiJHypbi, coAep>KaLnne cbinynue 
BemecTsa, saKnjoneHHbie b o6onom<y us 
npefloxpaHMTenbHoro MaTepnana. 3aAaHa, 
pewaeMaa M3o6peTeHneM, - cosflaHvie 
Ha^e)KHoro cnoco6a kohtpojih cnnoiiiHOCTH 
sanoriHeHkm m cuMMeTpuiMHOCTM TonunMHbi 
ooononKU AeTOHMpyioLnero WHypa. Cyi^HOCTb 
cnocooa coctout b tom, hto H3flenne, HarpeToe 
b npoi^ecce ki3roTOBneHHfl, nepeMeujaioT b none 
3pem/m nHcppaKpacHoro paAUOMeTpa n 
aoHMpyioT Ten/ioBoe none b npoAo/ibHOM v\ 
nonepenHOM HanpaB/ieHMHX c HacTOToB, paBHofl 

OTHOLUeHHK) CKOpOCTH ABH>KeHHfl Ha 

MMHMManbHbiM pa3Mep Ae^eKTa. MacTOTy 
aHanoro-i4nc|DpoBoro npeo6pa30BaHM« 

Bbl6npaK)T paBHOM OTHOLUeHHK) HaCTOTbl 

cKaHwpoBaHMH Ha huc/io aneMeHTOB, 
Heo6xoflMMoe Ana u3MepeHHH nonepeHHbix 
pa3MepoB o6ijeKTa. L4n(£pOByio WHcfcopMaLjHK) 
3anncbisaK)T nocTpoHHo b bma© KaApa w no 



npoAonbHOMy pacnpeAeneHMKD m BennnuHe 
TeMnepaTypbi KOHTponnpyiOT Ha/iMMne 
BbinaAeHM^ m MecT c noHwweHHoR nnoTHocTbto 
BB, a no nonepeHHOMy ceneHHK) KOHTponnpy*OT 

AMaMeTp M CMMMeTpHMHOCTb TOnil^UHbl 

o6onoHKM. 1 nn. 
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(54) PROCESS OF THERMAL INSPECTION OF MULTICOMPONENT CORD-LIKE ARTICLES 



(57) Abstract: 

FIELD: technology of inspection of 
cord-like articles, specifically, detonating 
cords and Bickford fuzes carrying loose 
substances enclosed in jacket of protective 
material. SUBSTANCE: article heated in 
process of manufacture is moved in field of 
vision of infrared radiometer and thermal 
field is scanned in longitudinal and lateral 
directions with frequency equal to relation 
of movement speed to minimum size of flaw. 
Frequency of analog-to-digital conversion is 
chosen equal to relation of scanning 
frequency to number of elements needed to 
measure lateral dimensions of object. 
Digital information is recorded line by line 
in the form of frame, presence of fallen-out 
explosive and points with decreased density 
of explosive is checked by longitudinal 
distribution and value of temperature, 
diameter and symmetry of jacket thickness 
are controlled by cross-section. EFFECT: 



development of reliable method of inspection 
of continuity of filling and symmetry of 
thickness of jacket of detonating cord. 2 dwg 
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M3o6peTeHne othochtch k TexHonoruu 

KOHTpon* UJHyp006pa3HblX H3ABJ1Ufi, B 
43CTHOCTM T3KHX, K3K AeTOHMpyiOl^Me U 

omenpoBOAHbie ujHypbi, coAepwamwe cbinyque 
BeiiiecTBa, saicniOHeHHbie b o6onoHKy na 
npejaoxpaHHTenbHoro MaTepwana. 

l/l3Aennfl npeACTaB/iflJOT co6ofl nnacTHKOByK) 
wnn nneieHyio Tpy6xy c cepAUeBMHoB U3 
6pn3aHTHoro B3pbiBMaToro BeinecTBa (BB). 

TexHonoruMecKwfi npOL^ecc npon3BOACTBa 
aaKnioHaeTCfl b 3anonHeHnn cbinyMUM 
Beu^ecTBOM nonoM Tpy6KM b npou,ecce ee 

3KCTpy3MH. /1/ 

BcneACTBue HecoBepiueHCTBa TexHonomn 
uiHyp MOM<eT MMeTb Ae^eKTbi 3anonHeHMfl b 
BMAe nycTOT nnn h e AOCTaTOM h o H yAenbHOfi 
anoTHOCTn, hto npn ero wcnonbsoBaHHW MO>KeT 

npMBOAHTb K OTK333M BO B3pblB3HMH. Ha 

cBo^cTBa niHypa BnnaeT TaioKe paBHOMepHOCTb 
Tonii^nHbi o6onoMKM, onpeAe/i^eMafl KanecTBOM 
Ha/iaAKM TexHonorvmecKoro ooopyAOBaHHfl. 

CyLLiecTByiOLLLwe MeTOAbi KOHTpona 
cnnoujHocTM (MexaHnnecKuCi no TonuiHHe, 

3/ieKTpHHeCKHM no AU3JieKTpMHeCK0fi 

npoHnuaewiocTM, peHTreHOBCKufi , Mami/iTHbiM) He 
yAoaneTBopyiioT TpeooBaHMHM npon3BOACTBa. 

3TO CB«3aHO C MX HeAOCTaTOHHO^ HaA©>KHOCTbK) 

o6Hapy>KeHMn BbinaAeHnfl m TOHHOCTbro 
KOHTpo/ifl nnHetfHotf nnoTHocTn BB. 

PeHTreHOBCKUft (K3K U paAMOM30TOnHblK) 

MeTOA ManonpneMfieM BBMAy BbicoKofi 

CTOMMOCTM M no T6XH14KG 6e30naCHOCTM. 

HaBecTeH cnoco6 aKTHBHoro TennoBoro 
KOHTpona, 3aKnK)MaK>u^nWcfl b HarpeBe 06-beicra 
KOHTpojifl, cKaHnpoBaHnn c onpeAeneHHofl 
CKopocTbio TennoBoro nona o6"beKTa 
MHcj)paKpacHbiM paA^OMeTpoM BAonb 
HanpaBneHnw ero nepeMemeHi/ia i/i 
aHanoro-u,m#poBoe npeo6pa30BaHne cumana 
paAnoiweTpa (aBTopcKoe CBWAeTenbCTBO 
1075131) 171. 

3tot cnoco6 He no3BonaeT KOHTponnposaTb 

HepaBHOMepHOCTb TOnil^UHbl o6ojiohkh n MO>KeT 

AaBaTb no>KHbie cpaoaTbisaHMH b cnyMae 
KOHTponn conoiiJHOc™ 3anonHeHMH Tpy6KU BB. 

3aAaHa, peiuaeMaa M3o6peTeHi/ieM, 
co3AaHne TaKoro cnoco6a, KOTopbiM no3Bonnn 
6bi KOHTponnposaTb cnnowHOCTb 3ano/iHeHH« 
niHypa n ToninnHy o6ojiohkm, b tom nucne b 
npoi^ecce i/i3R0TOBneHHfl niHypa. 

riocTaBneHHan 3aAana pemeHa 3a cneT tord, 
mto b n3BecTHOM cnoco6e, BicnioMaJoi^eM HarpeB 
o6"beKTa KOHTpona, nepeMeiqeHne ero b none 
3peHMfl UHqbpaKpacHoro paAHOMeTpa, 
ocyii^ecTBnnioi^ero CKaHMpoBaHne oo^beKTa, n 
aHajioro-L\nc|DpoBoe npeo6pa30BaHne cumana 
paAHOMeTpa, npoi/i380A*T HarpeB oahoA unu 

HeCKO/lbKMX KOMnOHeHT M3AenHfl, nOCTpOHHO 

CKaHnpyKJT TennoBoe none o&beKTa b 
npOAonbHOM m nonepeMHOM HanpaBneHWH c 

MaCTOTOM, paBHOH OTHOLUeHMKD CKOpOCTM 

ABM>KeHMJi o6i>eKTa Ha MMHMManbHbifl pa3Mep 
Aec^eiaa, nacTOTy aHanoro-i^nqbpoBoro 
npeo6pa30BaHn« Bbi6npaK)T paBHOi^ OTHOLueHUito 

HaCTOTbl CKaHMpOBaHUfl Ha HMC/10 3/ieMeHTOB, 

Heo6xoAnwoe aha n3MepeHnn nonepe^Hbix 
pa3MepOB o6*beKTa, uvicppOByK) MHctsopMaqnio 
aanncbiBajoT nocTpoHHO b bhas KaApa v\ no 
npoAonbHoiwy pacnpeAeneHHK) m BennnuHe 
TeMnepaTypbi KOHTponnpyioT Ha/innne 
BbinaAeHnCi m MecT c noHHweHHofi nnoTHOCTbio 
BB, a no nonepe^HOMy ceneHMto KOHTponnpytoT 
AnawieTp niHypa m cuMMeipuHHOCTb tojilumhw 

OSOJIOHKM. 

CymHOCTb M3o6peTeHMfl noncH«eTCfl Ha 
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npniviepe KOHTpona 3a KanecTBOM 
AeTOHnpytoLunx WHypoB b npouecce mx 

M3rOTOBJieHHfl. 

B TexHonornMecKOM npoL^ecce MaTepnan 
o6ojiohkm b 30He 3KCTpy3nn HarpeT AO 
TeMnepaTypbi pa3tvmrMeHMfl, a HanonHMTenb - 
BB - HaxoAMTca npn TeivinepaType OKpywaioiuefl 
cpeAbi. nocne 3KCTpy3nn Tenno 1/13 wiaTepwana 
o6onoMKn ncTeKaeT no AByM KaHanaM: b 
OKpy>Ka 10114 mm B03Ayx nocpeACTBOM 

KOHBeKUMOHHoro oxna)KAeHHfl m b HanojiHMTenb 
nepe3 MexaHH3M TennonpoBOAHOCTM. Ha 
ynacTKe Me>KAy 3KCTpyAepoM m oxnaAMTeneM 
BpeMfl npe6biBaHM« niHypa Mano (oko/io 0,2 c), 
noaTOMy aa cneT KOHBeKi^nn TeiwnepaTypa 
CHH)KaeTCfl He3HaMHTeribHO, n3MeHeHne 
TeMnepaTypbi onpeAenneTCJ? b ochobhom 

BTOpbIM MexaHH3MOM. 

npH B03HHKHOBeHHM BbinaAOHMfl MJ1M 

CHHweHHH nnoTHocTM HanojiHUTena Ha 

nOBepXHOCTM OSonOHKM B03HMKaeT 30Ha c 

noBbiiueHHoCi TeMnepaTypoM, TaK KaK ottok 
Tenna b HanonHMTenb pe3Ko cHUJKaeTcn. 
(locKonbKy TennonpoBOAHocTb MaTepnana 
o6ojiomkm Maria, pacTeKaHM« Tenna BAonb 
LUHypa no o6onoHKe He nponcxoAUT, m 30Ha 
noBbiujeHHOM TeMnepaTypbi cooTBeTCTByeT 30He 
BbinaAeHMfl mjim noHMweHHofi nnoTHOCTH 
HanoriHUTenfl, npn stom ee MMHMManbHbift 
pa3Mep onpeAen^eTCfl tojiiumhoCi o6ojiomkm h 
MMeeT BennHUHy orano 1 mm. 

B Ka)KAoH TOMKe nonepe«-iHoro ceMeHMfl 
tuHypa BenuMMHa TeMnepaTypbi 

nponopu,MOHanbHa TornuuHe o6onoMKM. 

npn o6paooTKe TepMorpaMM no 
npoAonbHOMy pacnpeAerieHMio m no Ben mm m He 
TeMnepaTypbi KOHTponnpytoT Hannnne MecT 
BbinaAeHnK n MecT c noHH>KeHHO^ nnoTHOCTbio 
BB, a no nonepeHHOMy pacnpeAeneHMio 
TeMnepaTypbi KOHTponnpyioT pa3Mep LUHypa m 

CMMMeTpUHHOCTb TOJlLUUHbl OCOTIOMKH. 

Bo3MO>khoctm cnoco6a unn locTpupyiOT 
cneAyiomne pacMeTbi. 

3HaneHHfl TenjiocpusnnecKnx napaMeTpoB n 
yAeribHbix pacxoAOB MaTepnanoB ooojiohkm m 
HanojiHMTerifl: 

yAeribHan TennoeMKOCTb: T3H - 0,4 Kan/r 
rpaA, 

nojiMSTuneH - 0,45 Kan/r rpaA, 
HUTb - 0,4 Kan/r rpaA 

pacxoA: T3H - 6,5 r/M, nonnaTMneH - 10 

r/M, HMTb - 2,58 r/M. 

HananbHaH TeMnepaTypa nonnamneHa 

1 10 °C = 383 K, huth n T3Ha 20°C = 293 K. 
(IpOBeAeM oi^eHKM pa3HocTM TeMnepaTyp 

Ana HopManbHoro LUHypa c pacxoAOM T3Ha 6,5 

r/M h a^« LUHypa c BbinaAeHMeM HanonHHTenfl. 
YAenbHafl TennoeMKOCTb Ha 1 m AnnHbi 

LUHypa nonnsTunena: 

W n = 0,45 o 10 = 4,5 Kan/rpaA, 
hutm: W h = 0,4 e 2,58 = 1 Kan/rpaA, 
T3Ha: W T = 0,4 <, 6,5 = 2,6 Kan/rpaA. 
06"Lu,afl TennoeMKOCTb 1 m LUHypa c T3Hom: 
Wu, = W n + W H + W T = 4,5 + 1 + 2,6 = 6,1 

Kan/rpaA. 

To >Ke 6e3 T3Ha: = 5,5 Kan/rpaA- 

TennocoAep)KaHMe nonnsTuneHa: 
Q n 4,5 o 383 = 1723 Kan, hmth Q h = 1 o 293 = 
293 Kan, T3Ha: (^ = 2,60 293 = 761,8 Kan. 

TennocoAep>KaHne 1 m LUHypa c T3Hom: 
Q m = 1723 + 293 + 761,8 = 2778,3 Kan, 

To we 6e3 T3Ha: = 2016,5 Kan. 

ycTaHOBHBLuaflca TeMnepaTypa LUHypa c 
T3Hom: T^ = 2778,3/8,1 = 1,343 K, to rce 
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Ana iiJHypa 6e3 T3Ha: t = 2016,5/5,5 - 
M x 

366.6K. 

TaKUM o6pa3QM, pa3H0CTb TeMnepaTyp 
ujHypa 6e3 BbinaAeHwfi m c BbinaAeHweM 
HanonHMTerifl cocTaBJiaeT ^ T = 366,6 - 343 = 
23,6° 

ripuMep peann3aunn cnocooa. 

M3MepeHnw npoBOAMJincb aAanTHpoBaHHoi* k 

yCTIOBURM npOH3BOflCTBa TepMOBM3MOHHOfl 

cucTeMofi TB-M 121 na fxe\ACT&y\o\\\eft yciaHOBKe 
b npoi^ecce npow3BOACTBa u3Aeni/m. 3oHa 
KOHTponfl pacnonaranacb nepeA bxoaom amy pa 
b oxna>KAaK5i4yK) BaHHy Ha paccTOflHHH 
npniviepHO 15 cm ot noBepxHoc™ boaw. 
CKaHnpoBaHMe npon3BOAunocb b 

ropn30HTanbHoCi nnocKOCTH c nacTOTofl okojio 

250 CTPOK B CeKyHAy ripM CKOpOCTH ABH>KeHMfl 

LUHypa okojio 100 cm/c pacnpeAeneHkie 
coGcTBeHHoro TeMnepaTypHoro uanyneHkifl b 
nonepeMHbix ceneHMflx lUHypa CMMTbiBanocb 
nepe3 4 mm, npocTpaHCTBeHHoe pa3peiueHne b 
nonepenHOM ceneHuii npn stom cocTaBrmno 
okojio 0,3 mm. PerncTpupoBanncb cepnn no 125 
CTpOK a^« xapaKTepHbix coctohhuB ujHypa. 
Bcero 3apervicTpnpoBaHO 25 t3khx cepvifi. 

Ha nepTeKe a, 6 npMBeAeHbt rpacpMKM 
pacnpeAeneHUfl TeMnepaTypbi. 

Ha rpacjMKe a - uiHyp 6e3 HanoriHMTerm, Ha 
rpacfwKe 6 - uiHyp c HanonHMTeneM. V\z 
cpaBHeHMfl rpac|)MKOB mo>kho onpeAenHTb, hto 
npn Ha6nBKe nponcxoAur yBennneHne 
AnaMeTpa oiHypa, CHn>K©Hne cpeAHefi 
TeMnepaTypbi Ha BonnnnHy okojio 20 rpaAycoB m 
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B03HMKaeT acMMMeTpun pacnpeAeneHun 
TeMnepaTypbi, cBfl3aHHafl.c HepaBHOMepHocTbio 

TOnil^MHbl OOOTIOHKH. 

Mcnorib30BaHHaq nuTepaTypa. 

1 . FlaTeHT BennKoSpnTaHMM 8080876, icnacc 
9/1, C 5 A, MRU F 07 f. 

2. ABT.opcKoe CBMAeTenbCTBO 1075131, MKl/l 
G 01 N 25/72. 

d>opMyna M3o6peTeHnn: 

Cnoco6 TenriOBoro KOHTporm 
MHoroKOMnoHeHTHbix iuHypoo6pa3Hbix M3AennCi, 
BKniOMaiOLL^MCH HarpeB o6"beKTa KOHTponn, 
nepeMeineHne ero b none 3peHnn 
HHcfcpaKpacHoro paAHOMeTpa, 
ocymecTBJiflHDLuero cKaHnpoBaHwe o6-beKTa, m 
aHanoro-L^Mcf)poBoe npeo6pa30BaHne cumana 
paAMOMeTpa, oTjiHHaiomwflcfl TeM, hto 
npoM3BOA«T HarpeB oahoA m/im HecKOJibKwx 

KOMnOHeHT MSAeJIMJl, nOCTpOMHO ClOHUpyiOT 

TennoBoe none 06-beiaa b npoAoribHOM m 
nonepeHHOM HanpaBneHMH c nacTOToPi, paBHOfl 

OTHOlIieHUe CKOpOCTH ABM>KeHMfl o6*beKTa Ha 

MUHHMaribHbifi pa3Mep Aecpeiaa, nacTOTy 
aHanoro-LjucfepoBoro npeo6pa30BaHnn 

Bbl6npaiOT paBHOM OTHOLUeHHIO HaCTOTbl 

CKaHnpoBaHnw Ha ^ncno aneMeHTOB, 
Heo6xoAHMoe Ann i/i3MepeHua nonepenHbix 
pa3MepoB o6"beKTa, LjwcppOByio nHc^opMai^MK) 
sanncbiBaioT nocTpoHHO b Bi/iAe KaApa h no 
npoAoribHOMy pacnpeAeneHnio n sennHMHe 
TeMnepaTypbi Kom-ponupyioT Hani/NMe 
BbinaAeHM^ w MecT c noHwweHHofl nnoTHOCTbio 
BB, a no nonepeMHOMy ceneHMK) KOHTponnpyioT 
AnaMeTp ujHypa m cuMMeTpuMHocTb Tonu^MHbi 

OSOJIOMKYI. 
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